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A REVISED DOCTRINE OF VALENCY. 

Neuere Anschauungen auf dem Gebiete der anor- 
ganischen Chemie. By Prof. A. Werner. Pp, xii + 
189. (Brunswick : F. Vieweg and Sohn, 1905.) 
Price 5 marks. 

N 1893 Prof. Werner published his first important 
paper on the constitution of inorganic compounds, 
and expounded a new theory for the classification of 
the large and complex group of substances known as 
metal-ammonia compounds. Of these compounds a 
few are common enough, such as the deep blue sub¬ 
stance formed by the addition of ammonia to solutions 
of copper salts, but the greater number do not come 
within the range of ordinary analytical chemistry; 
they are for the most part of no industrial importance, 
and consequently they are scarcely heeded except by 
a very limited number of chemical workers. The 
class of cobaltamines which has vexed many a gener¬ 
ation of chemical students does not measure the limits 
of complexity to which these compounds extend, and 
certainly, without the guiding light of some good 
theory as to their structure, the metal-ammonia group 
constitutes one of the most bewildering tracts of 
inorganic chemistry. 

It is therefore a real service that Prof. Werner 
renders in publishing in this volume (No. 8 of a series 
of monographs on natural and mathematical science, 
collectively called “ Die Wissenschaft ”) a full ex¬ 
position of his theory and an aperfu of the compounds 
to which it specially applies. We must not give the 
impression, however, that Werner’s theory applies 
only to metal-ammonia compounds. It is a general 
theory ranging over chemistry as a whole, and is 
applied to so simple a substance as sulphuric acid. 
To describe it in a few words is almost impossible. 
Perhaps the most central thing is the substitution 
of the idea of association (Anlagerung) for the strict 
and definite linkage implied in the ordinary valency 
theory. This idea has, in a vague way, long prevailed 
in chemistry in the distinction drawn between atomic 
and molecular compounds. In CuSO d we are accus¬ 
tomed to represent definite atomic linkages according 
to the definite valencies of the component atoms. How 
are we to represent the attachment of 5H s O to CuS 0 4 
in the hydrated salt? The idea that valency is not a 
sharply fixed quantity, and that it is not necessarily 
exhausted when a stable compound is formed, is 
familiar to us in the hypothesis of residual affinity. 

Prof. Werner would have us revise our somewhat 
diagrammatic and artificial ideas of valency. We are 
to think of an atom as a small material sphere, from 
the centre of which the attractive force of affinity is 
exerted uniformly in every direction. Segregation of 
the affinity into units of valency is not to be supposed; 
valency is merely to mean the observed proportional 
numbers in which atoms associate with one another. 
It is not dependent on one atom alone, but on the 
nature of all the atoms that form the molecule. The 
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proportion of the affinity which is spent between two 
atoms is confined to the restricted circular surface of 
contact [theoretically one would say a point], the 
Bindeflache, and depfends in a high degree on the 
nature of the atoms. Thus, the author adds, we 
obtain a rational picture to represent the varying 
valency of an atom, whilst from the dependence of the 
distribution of the surfaces of contact on the relative 
magnitudes of the atoms we reach, without further 
hypothesis, a space configuration of the molecule. 

As the simplest possible illustration of the advan¬ 
tage claimed for these views we may cite the 
formation of sulphuric acid by the union of SO s and 
H 2 0 . In each of these molecules it is usually con¬ 
sidered that the valencies of the atoms are satisfied. 
That being so, the readiness of the two molecules to 
unite must be attributed to some selective action. 
This is found in the tendency for the group (OH) to 
be formed, and hence we write S 0 3 + H 2 0 = 0 2 S(OH) 2 . 
According to Prof. Werner, on the other hand, we 
must suppose that neither the sulphur in S 0 3 nor the 
oxygen in H 2 0 has spent its affinity, and that 
accordingly the combination of the two molecules is 
to be represented as follows: OjS + OH^OjS.OH,,. 
At the same time he admits that the compound may 
pass into the configuration 0 2 S( 0 H) s . It might seem, 
then, that there is not much gained. But he claims 
that the great merit of this view lies in its conformity 
with that which must be taken of analogous com¬ 
binations where a secondary arrangement does not 
take place. Such a case is to be found in the union 
of halides to form what are, though commonly called 
double salts, compounds strictly of the same order 
as oxysalts. Thus we have KC 1 +AuCl 3 = KAuCl 4 
analogous to K „0 +SO s = K„S 0 4 . KAuCl 4 is as 
much a potassium salt as K 2 S 0 4 , and, though it may 
not be impossible to give an ordinary valency formula 
to some of these compounds, their formation cannot 
be explained by anything corresponding to the sup¬ 
posed primary cause (the formation of KO groups) 
in the union of K a O and SO s . The attempt to bring 
double halides as a whole within the ordinary valency 
doctrine has not been successful. 

But, as stated above, Prof. Werner’s theory has 
arisen in connection with the metal-ammonia com¬ 
pounds, and we will conclude this notice with a slight 
indication of its application there. In the metal- 
ammonia compounds we have an electropositive atom, 
a number of (NH 3 ) groups, and electronegative atoms 
or groups. It is supposed that the positive atom has 
the power of associating itself with or coordinating a 
certain number of atoms or groups which must be 
supposed to be in contact with this central atom and 
to constitute a sort of first layer. The whole group 
also forms the positive ion. Beyond and outside this 
we have negative atoms or groups which give the 
negative ions. 

Luteo-cobalt chloride has the composition 
CoC 1 3 6 NH 3 . 

Cobalt is here shown with the valency of a triad, and 
as a matter of fact the whole of the halogen may be 
precipitated by silver nitrate. Purpureo-cobalt chloride 
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is CoC 1 3 .sNH 3 , but only two-thirds of its chlorine 
can be precipitated. In praseo-cobalt chloride, 
CoC 1 3 .4NH 3 , only one-third of the chlorine reacts as 
an ion, whilst the compound CoCl 3 .3NH 3 is not 
ionised at all. 

Now, according to Prof. Werner, the coordination 
number of cobalt in all these compounds is six, that 
is to say, the cobalt atom is in all cases associated 
with six groups or atoms. Outside this are the 
negative ions. The valency of the positive ion 
diminishes as the electronegative element in it is 
increased. Thus we have the following series of 
compounds 

[Co(NH 3 ) 6 ] ,,, C 1 3 ; [Co(NH 3 ) 3 C 1 ]"C 1 2 ; [Co(NH 3 ) 1 C 1 2 ] , C 1 ; 
and [Co(NH 3 ) 3 C 1 J°. 

It will be seen that here again the essence of the 
theory lies in the idea of coordination or association 
as distinct from ordinary valency with its separate 
linkages. The same ideas may be extended to water 
of crystallisation in hydrated salts. 

This slight sketch will, it is feared, give but a poor 
idea of the ingenuity and comprehensiveness of Prof. 
Werner’s theory, but it is all that the limits of space 
allow. The book before us may be strongly com¬ 
mended to all who are interested in the development 
of chemical theory, and though, no doubt, the new 
doctrine cannot by any means be called unexception¬ 
able, there is much in Prof. Werner’s book that is 
interesting and stimulating quite apart from the 
clear exposition of the particular views it is intended 
to disseminate. A. Smithells. 


THE DANISH FISHERY INVESTIGATIONS. 
Meddelelser fra Kommissionen fra Havundersfigelsen. 
Serie Hydrograft, Bd. i., Nos. 7-8; Serie Fiskeri, 
Bd. i., Nos. 4-8; Serie Plankton, Bd. i., No. 3. 
(Kjzibenhavn, 1 Kommission Hos C A. Reitzel, 
I90S-) 

HE reports issued by the Danish section of the 
International Fisheries Investigation Organis 
ation deal to a greater extent with purely biological 
matters than do the publications of the corresponding 
British committee. Thus of the present instalment of 
reports two relate to hydrographical researches, one 
to plankton studies, while five deal with the life- 
histories of species of fishes of economic importance. 

The hydrographic reports consist of an investigation 
by Mr. J. P. Jacobsen on the solubility of oxygen in 
sea-water, with a description of the methods and 
apparatus employed. Mr. J. N. Nielsen also con¬ 
tributes an account of several hydrographic cruises 
made by the Thor in the summer of 1904 on the 
north coast of Iceland, and a discussion of the results 
obtained. The sea-water on the north coast of Ice¬ 
land is derived from warm Atlantic- water in the 
Denmark Strait—the Irminger current—and from 
much colder, but lighter, water of Arctic origin, which 
comes from the East Greenlandic polar current. The 
climate of the North Icelandic coast is dependent to 
some extent on the relative distribution of these two 
contributing currents. The Irminger current flow's 
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north along the west coast of Iceland, and then, as a 
result of the earth’s rotation, along the north coast. 
This latter cause, and also the interference of the 
East Greenlandic polar stream, produce a further 
rotation of the current, so that it may even round 
the north-east coast of Iceland and flow south. Along 
its whole course the Irminger current yields up heat 
to the atmosphere, cooling by convection as it does 
so, so that even the lower layers give up their heat. 
Land-water, produced by the melting of ice and snow 
masses, cools down the coastal waters, and, being of 
lower salinity, causes a surface current seawards 
during the summer and an undercurrent landwards, 
In winter the lower temperature of the land cools the 
sea-water, which then sinking in consequence of its 
greater density, flows seawards as an undercurrent, 
w'hile it is replaced by a surface current moving 
towards the land. 

The distribution of the comparatively warm Ir¬ 
minger current is affected by the presence of drift 
ice; in those years when drift ice is abundant on the 
Icelandic coasts, the cold (though less dense) Arctic 
water spreads over the surface, and blocks to a vari¬ 
able extent the eastward passage of the Atlantic water. 
But it also prevents the conduction of heat from the 
latter to the atmosphere, and as a result, during these 
hard ice years, the mean temperature of the air of 
the first six months of the year is much lower than 
in those years when drift ice is absent or less abundant 
during the months in question. In this connection 
the suggestion that telegraphic cable communication 
with Iceland, and a coast telegraph line, should be 
established is of considerable interest, for the advent 
of the ice ca,n usually be foretold by observations of 
the temperature of the sea. 

Not only does the temperature of North Iceland 
during the w'inter depend on the distribution of the 
eastern branch of the Irminger current, but the 
fisheries vary in an analogous manner. This appears 
to be the case with the great herring fishery, and cod 
appear also to travel to the west, north, and east of 
Iceland with the current, not appearing in abundance 
until the temperature of the water reaches a certain 
value. The pelagic larvae of the latter fish are also 
distributed by the current, as well as by the offshore 
and inshore movements of the water due to the cause 
mentioned. 

A short note by Mr. C. G. J. Petersen on the 
occurrence of Leptocephali is of exceptional interest. 
It is well known that finds of this stage of the 
common eel have been very rare in northern waters. 
Dr. Petersen tells us that it occurred to him to look 
for these larvae in warm and deep Atlantic water, 
using special fishing apparatus. Accordingly in May, 
1904, Dr. J. Schmidt found a typical Leptocephalus at 
a station south-west of the Faeroe Isles, in water more 
than 1000 metres in depth, and in a postscript it is also 
added that great quantities of Leptocephalus brevi- 
rostris have been found by Schmidt “ in the depths of 
the Atlantic,” presumably near the same place. Dr. 
Petersen concludes that it is here, not in the Baltic 
or North Seas, that the eels of Northern Europe breed, 
passing in their migrations either the North Sea or 
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